Aims To study the long-term prognostic information obtained from an exercise test following an acute myocardial infarction. Between 1979Between and 1983Between , 1773 consecutive patients were admitted to Glostrup County Hospital with an acute myocardial infarction. Of 1430 patients who were alive after 3 weeks, 718 performed an exercise test. Survival data were available after 15 years for all patients.
Introduction
An exercise test is widely used in the management of patients with an acute myocardial infarction. Risk stratification is one aim, but there is no consensus in the literature regarding the significance of the exercise test in risk stratification. In some studies, the exercise test was not associated with increased risk of death or major cardiac events [1] [2] [3] [4] [5] [6] . Other studies have found some predictive value of exercise test-induced ST-segment shifts [7] , ST-segment shifts or angina [8] [9] [10] [11] [12] [13] [14] [15] [16] , and finally combinations of [17] [18] [19] angina, ST-segment shifts, exercise capacity and haemodynamic response [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Patients are currently subjected to a host of invasive and non-invasive procedures, partly driven by the result of the exercise test. Therefore, analyses of the prognostic value of exercise testing can easily be biased by the consequences an exercise test already has. For this reason we have studied the long-term outcome of a large cohort of patients evaluated at a time when revascularization was performed extremely seldom. This is, to our knowledge, the first study of long-term prognosis from the test undisturbed by procedures elicited by an exercise test.
Methods

Patients
Between January 1979 and December 1983, 1773 consecutive patients were admitted to the coronary care unit at Copenhagen University Hospital in Glostrup with a diagnosis of acute myocardial infarction. An acute myocardial infarction was defined according to the criteria of the World Health Organization. The enzyme criteria for the diagnosis was a creatine kinase MB fraction d30 U.I 1 [35] . Patient management was enforced by Correspondence: H. Dominguez. Mikkelborg Allé 11, DK-2970 Hoersholm, Denmark department policy, which was conservative and did not at the time include routine administration of thrombolytic therapy, aspirin or beta-blockers. Patients were considered to have heart failure if they had pulmonary vascular congestion on a chest X-ray, pulmonary rales by auscultation, clinical evident pulmonary oedema or cardiogenic shock.
In the period where the study population was hospitalized for acute myocardial infarction, very few invasive procedures were performed in Denmark. Thus, no patients were referred for coronary arteriography during this hospitalization and only 54 patients received a coronary bypass operation in the 19 years of follow-up. Long-term survival status was obtained from the Danish Central Personal Register which records all fatalities in Denmark within 2 weeks of death. We performed the search in June 1998. Some patients were admitted several times during the study period, but were only included once in the analysis according to their first qualifying infarction where an exercise test was performed. Patients in whom an exercise test was not performed were included according to their first qualifying infarction.
Exercise test
As a routine, all patients were asked to participate in an exercise test unless they were considered unable to perform one. Frequent reasons for not performing an exercise test were: lower limb ischaemia, arthritis, pulmonary disease, or because they had never learned to bicycle. Patients with bundle branch block were not submitted to exercise testing. The final decision was at the discretion of the attending physician. A symptomlimited/maximal bicycle exercise test was performed between 2 to 4 weeks after the infarction on an electrically braked cycle-ergometer (Siemens Elema A.M. 368). The protocol was adapted from the Scandinavian Committee on ECG Classification [36] with an initial workload of 50 watts and increases of 50 watts every 6 min. The pedalling speed was 60 revolutions per minute. The exercise test was intended to identify the maximal workload tolerated by the patient. Therefore the patient was urged to carry on until unable to continue because of exhaustion, dyspnoea or chest pain, regardless of ECG changes. The ECG was continuously recorded until at least 10 min after end of exercise, and included lead I, II, III, V 1 , V 4 , and V 6 . Heart rate was read from a tachometer connected to the ECG apparatus and blood pressure was measured every minute. ST-segment depressions were considered significant when they were descending or horizontal with at least 1 mm depression 80 ms from the J-point of the QRS complex on three consecutive beats. Patients with bundle-branch block were excluded from ST-segment analyses. The maximal oxygen consumption was calculated as metabolic equivalents according to the following formula: (13 workload (W) / weight(kg)+3·5) / 3·5. In the population under study, ST elevation was only rarely seen and represented minor worsening of infarct changes. For this reason no attempt is made to analyse the prognostic information of ST-segment elevation.
Statistical methods
Discrete variables were compared with the chi-square test and continuous variables with rank-sum tests. Discrete variables are presented as percentages, continuous variables as medians with 5 and 95 percentiles. KaplanMeier estimates of mortality rates were used to construct mortality curves and were compared by log rank tests. The relative hazard ratios associated with baseline characteristics and results from the exercise test were derived from Cox proportional hazard models and are denoted relative risk. The assumptions of proportional hazard, linearity of continuous variables and lack of important interactions were tested for and found valid. For continuous variables the relative risk shown is per unit of the variable. The SAS (SAS Institute, Cary, NC, U.S.A., version 6.12) statistical package was used for calculations.
Results
Among the 1773 subjects who suffered an acute myocardial infarction during the study period, 712 performed a symptom-limited exercise test approximately 3 weeks (median 19 days, 5/95 percentiles 13-44 days) after their myocardial infarction while 718, who also survived 3 weeks after their myocardial infarction, did not perform an exercise test.
Baseline characteristics of the patients who performed an exercise test and those who did not are shown in Table 1 . As a group, the patients who performed an exercise test were younger, more often male, and less often suffered from diabetes. Mortality curves for these two groups are shown in Fig. 1 . After 10 years followup, 71% of patients who performed the exercise test were alive, while only 31% of the patients who did not perform the exercise test were alive. After 15 to 18 years follow-up, these figures were 15·1% for the patients who performed the exercise test against 4·6% alive for 
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those who did not perform the exercise test. Thus, the mortality of the patients who performed an exercise test was much lower than those not tested.
To further study the mortality of patients participating and not participating in an exercise test a multivariate analysis was performed, including all the variables shown in Table 1 . Even with all the available covariates in the model, the performance of an exercise test was associated with a significantly lower mortality (relative risk 0·56 (95% confidence limits 0·49-0·65, P<0·001, Table 2 )). None of the patients who performed the exercise test had ST-depression at rest or bundle branch block and only 18 (2·5%) had ECG defined hypertrophy. There were 421 patient with a Q-wave (59·1%) infarction.
The results from the exercise tests, including reasons for stopping the test are shown in Table 3, and Table 4 shows the prognosis of these patients when baseline characteristics and the results of the exercise test were analysed in a multivariate model.
The mortality, in relation to the presence or absence of ST-segment depression, is shown in Fig. 2(a) . The presence of ST-segment depression during exercise testing did not increase risk. The relative risk associated with the presence of ST-segment depression was 1·3 (95% confidence limits 1·1-1·6) in a univariate model, but was not associated with higher mortality in multivariate models, as shown in Table 4 . The patients with the highest working capacity at the exercise test had a significantly better prognosis (relative risk 0·86 per increase of 1 metabolic equivalent (0·80-0·92), P=0·0001) ( Table 4 ). Figure 2(b) shows the mortality among the patients who could work 6 metabolic equivalents or more (n=366, 10 year mortality 33%) compared to those who could not work up to 6 metabolic equivalents (n=337, 10 year mortality 54%). Metabolic equivalents could not be calculated for nine patients.
Because of the lack of the prognostic value of STsegment depression in general, further analyses were conducted. The group of patients with an ST-segment depression of 2 mm or more (71 patients, 10% of the patients who performed an exercise test) had a moderately elevated mortality risk. In a multivariate model that included the covariates gender, age, exercise tolerance, pressure-rate product, angina, hypertension, diabetes and heart failure, the relative risk of at least 2 mm ST-segment depression was 1·5 (1·1-2·8),
P<0·001.
As exercise tolerance in metabolic equivalents was found to be the best parameter from the exercise test to predict future mortality, an analysis was conducted to find out whether parameters that added independent prognostic information did this equally across strata of exercise tolerance. The result from a multivariate analysis in two strata of exercise tolerance is shown in Table  5 . The patients who had heart failure during hospitalization for their myocardial infarction and who were not able to achieve 6 metabolic equivalents at their exercise test, had the highest mortality (relative risk 1·9 (1·42-2·55), P=0·0001). The presence of ST-segment depression did not add prognostic information. However, there was a tendency towards higher mortality associated with ST-segment depression in the subgroup of patients with lower working capacity (relative risk of 1·27(0·79-1·65), P=0·07) compared to those who could achieve 6 metabolic equivalents or more at their exercise test (relative risk 1·08 (0·82-1·43), P=0·56).
Discussion
This is the only long-term study of the importance of an exercise test performed after myocardial infarction where the influence is not disturbed by procedures elicited by the exercise test. The strongest finding is that patients who participate in an exercise test have a much better prognosis than those who do not. This difference remains after 15 years of follow-up. The exercise test itself also provides important prognostic information. For each increase of exercise tolerance of one metabolic equivalent, there is a reduction in risk of death of 15%. Signs of ischaemia and angina provide only marginal prognostic information.
Comparison with other studies available from the literature is difficult due to selection of patients, as pointed out by Froelicher et al. in their meta-analysis in 1987 [37] . Some studies have included only younger patients [7, 11, 16, 21, 29, 38, 39] , some only males [10, 17, 23, 40, 41] , and others only uncomplicated myocardial infarction [17, 22, 42] . In contrast to nearly all other studies, we included all patients suffering a myocardial infarction in one centre during 1979-1983 who survived the first 3 weeks after acute myocardial infarction. Our finding, that whether or not patients participate in an exercise test has stronger prognostic information than the result sBP=systolic blood pressure; dBP=diastolic blood pressure; PRP=pressure rate product (maximum sBP maximum heart rate/pre-test sBP pre-test heart rate); 1 MET=(13 workload (W)/weight (kg) +3·5)/3·5. ET=exercise test; PRP=pressure rate product (maximum sBP maximum heart rate/pretest sBP pretest heart rate; 1 MET=(13 workload (W)/weight(kg)+3·5)/3·5.
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the exercise test provides, is not new [28, 37] . However, it is remarkable that the difference is still apparent after 15 years. The presence of ST-segment depression, defined as ST-segment depression >1 mm, was not associated with an increased mortality risk in our study (Table 4) but more pronounced ST-segment depressions could identify patients with slightly poorer prognosis. In an effort to clarify the prognostic value of an exercise test, Froelicher studied the outcome in a population after their first myocardial infarction in the pre-thrombolytic era, following them up to 10 years [7] , and found that ST-segment depressions and elevations, as well as the blood pressure response, were independent predictors of cardiovascular death. The recruitment period and the management of the patients in this study is comparable to ours, but the population itself is highly selected since the patients were younger than 71 years old and were only included provided they did not have other cardiac or non-cardiac diseases. Jespersen et al. [8] also found a positive predictive value of ST-segment depressions in a meta-analysis of 13 studies in the pre-thrombolytic era, but also found that in their meta-analysis, the presence of heart failure had a stronger predictive value for poor outcome than ST-segment depression at exercise test. In our study, the presence of heart failure enhanced a significant increased risk for death, especially when exercise capacity was less than 6 metabolic equivalents (relative risk 1·90 (1·42-2·55), P=0·0001) while it did not seem to have importance when exercise capacity was higher (relative risk 0·93 (0·62-1·41), P=0·75). It is interesting to find the same pattern in the meta-analysis of Shaw et al. [43] on works published from 1980 to 1995. ST-segment depression as well as angina were found to be less sensitive for identifying morbid and fatal outcomes than markers of left ventricular dysfunction or heart failure.
It is often thought that older studies of acute myocardial infarction are not relevant to the present time because the mortality was excessive. This difference is very often widely over-estimated by the impression given from studies where highly selected populations have low risks of death. In the current study, 20% died within 3 weeks, and of the patients surviving 3 weeks, 14% died during the following year. These figures can be compared with the TRACE registry where consecutive patients admitted alive in 27 Danish coronary care units with an acute myocardial infarction were registered in the post-thrombolytic era from 1990-1992. The 3 week mortality of this population was substantially lower compared with the population of the current study, being 11%. Nevertheless, the mortality from 3 weeks to 1 year was very similar to the current study, being 13·5% [44] .
Conclusions
This study is based on an unselected cohort of hospitalized patients who suffered acute myocardial infarction and who have not been subjected to thrombolysis and seldom to any intervention at all. When followed for at least 15 years, the strongest predictor of death was the decision of the patient or the physician not to do an exercise test. When an exercise test was performed, exercise tolerance provided important information on mortality during the next 15 years, but indicators of ischaemia was only of marginal importance. 
